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ABSTRACT 



We perform a model-independent analysis of the spontaneously broken phase of 
an SU(2) x £7(1) supersymmetric gauge theory, by using a non-linear parametriza- 
tion of the Goldstone sector of the theory. The non-linear variables correspond to 
an SL(2,C) superfield matrix in terms of which a non-linear Lagrangian can be 
constructed, and the pattern of supersymmetry breaking investigated. The super- 
symmetric order parameter is the V.E.V. of the neutral pseudo- Goldstone boson. 
Some applications of this technique are considered, in relation to the minimal su- 
persymmetric standard model, and to determine the g — 2 of the VF-bosons in the 
limit of large top mass. 
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1 Preliminaries 



One of the main candidate theory for an extension of the Standard Model incorporating new 
physics is its supersymmetric version. It is based on supersymmetric Yang-Mills theory Jl| with 
gauge group SU(3) x SU(2) x U{1) spontaneously broken to SU(3) x U{l) em plus chiral and 
vector multiplets of N=l super symmetry 0. 

If supersymmetry is broken by soft terms ||, then the model retains the good ultraviolet 
properties of supersymmetric theories @] , and gives a realistic candidate for the solution of the 
hierarchy problem ||, in agreement with present experimental constraints, and predicting a 
wealth of new physics in the TeV range. 

Soft breaking terms may be thought of as relics of spontaneously broken supergravity ||, 
which, in turns, may arise as the low-energy effective action of superstring theory |7j . 

In the present letter we would like to give a model independent analysis of the spontaneously 
broken SU(2) x U(l) gauge theory, in order to show that many of the predictions encoded in 
the Minimal Supersymmetric Standard Model (MSSM) || are actually universal, and to show 
how different supersymmetric extensions of the Standard Model, with or without broken SUSY, 
can be classified in this contest. 

As a partial application of our analysis, we will obtain the MSSM, and derive non-minimal 
versions of it, with softly broken supersymmetry, as well as model with unbroken SUSY. In the 
last case we will compute the g — 2 of W vector bosons, verifying, in this particular case, a 
general sum rule of magnetic dipole moments of arbitrary electrically charged supersymmetric 
particles |§. 



2 Non-Linear Realizations of 577(2) x U(l 

We want to describe the spontaneously broken phase of an arbitrary SU(2) x £7(1) gauge theory 
plus matter, with a residual unbroken gauge symmetry U(l) em = T 3 + Y/2. 

The model independent part of this theory is described by a non-linear Kahlerian sigma 



model fllOl , constructed with the coset representatives of SL(2, C) x GL(l, C)/GL(1, C) em . The 
coordinates of this manifold are the three Goldstone bosons of SU(2) x U(l)/U(l) em and their 
SUSY partners, which are pseudo-Goldstone particles. The first three are the longitudinal 
degrees of freedom of the W and Z particles, the others complete massive vector multiplets, in 
case of unbroken SUSY. An element of this coset is described by the two-by-two holomorphic 
matrix 

U(£) = e^ 2 , detf/ = l. (1) 
It transforms as follows under SL(2, C) x GL(1, C) 

U ^e +iA Ue~ 1/2iSa3 , A = ^W (2) 
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The minimal sigma model Lagrangian is a Kahlerian sigma model with Kahler potential 

K(e,e) = Tr(C/t[/)=Tr(C/C/t). (3) 

This Lagrangian is invariant under SU(2) x U(l) global transformations, which correspond to 
A, E real. It is also invariant under arbitrary local A, £ transformations, provided we introduce 
gauge fields W = gWi(Ti/2, B = g'Ya 3 /2 transforming as 



e i/2E<T3 e B e -i/2St C r 3 _ 



(4) 
(5) 

We may also describe non-minimal couplings corresponding to the most general SU(2) x £7(1)- 
invariant Kahler potential, constructed in terms of U and U'. This Kahler potential is only 
function of two 577(2) x [/(l)-invariant variables K(A, C), with A = TrWU, C = Tr WUa 3 .The 
minimal Lagrangian, discussed in this paper, corresponds to K(A, C) = A. 



Let us define a new composite superfield 



U = e w Ue B , DdJ = 0. 



The modified (gauged) Lagrangian is 

/i~ 2 £(£7, W, B) = [Tr (U*U) 



D 



Tr (U^e w Ue 1 



D 



Tr (UU ] ) 



D 



(6) 



(7) 



where // gives the scale of SU(2) x U(l) breaking^] . It is convenient to define the two (matrix) 
superfields 

V R = U^U (8) 
transforming as Vr — > e^ 2S °" 3 Vrc'^^ °" 3 , and 

V L = UU\ (9) 

transforming as Vl — > e +lAt VLe~ lAt . By means of these fields one can define the 577(2) x £7(1) 
gauge invariant superfields 



Z° = Tr (VRcr 3 ), 
W ± = Tr^^), 



(10) 
(11) 



whose 8a6 components are the particles up to sigma model corrections. The first is 

SU(2) x £7(1) invariant and the second transforms, under this group, as 



e ±iS V ± . 



The complex conjugate superfields W transform as 



w 



e^W ± , W ± = W T e^' Y . 



(12) 



(13) 



Note that & = in terms of dimensions 1 scalar fields 
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The 577(2) x U(l) gauge invariant expression for the g — 2 of the W supermultiplet is 



W + D a W~V C 

where V a = DDD a V is the e.m. superfield-strength. 
The invariant mass terms are simply given by 



D 



(14) 



D 



{Z 



0\2 



D 



(15) 



Instead, the invariant quartic couplings are given by 



w + w~w+w»- 

fj, 

W + W + W+W+~ 



D 



{Z ) 2 Z°^° 



D 



w + w~z®z^ 



D 



D 



w-w-w^w^ 



D 



where 



K = of[D & , D a ]Z°, W± = of[D & , e^Aj W± 
The Kahler potential of the sigma model Lagrangian reads 

K(Z,£) = Tr (e- l/2 « ff e i/2 « ff ) = 

= 2 cos - J& cos - 0^= sin - Jg sin - Jf 2 . 



(16) 
(17) 



St v 



(18) 



It is easy to see that this Lagrangian reduces to the non-linear Standard Model Lagrangian (TT 
if we set to zero the pseudo-Goldstone bosons. 

It is now straightforward to discuss the features of this Lagrangian, even in the presence of 
soft supersymmetry breaking ||. The most general softly broken Lagrangian^ which preserves 
SU(2) x U(l) is given by 



- fi 2 ^-Tr(U^Ua 3 ) 

first component 4 



(19) 



first component 



The D terms produce a quartic term in the potential of the form 

^Tr (U^GiUf + // 4 — [Tr (WUa 3 )] 2 . 



(20) 



Notice that the b parameter can be viewed as a Fayet-Iliopoulos term [|nj , while the a parameter 
is a true soft breaking term. The a parameter could become a supersymmetric term in two ways. 
Either as a Fayet-Iliopoulos term with respect to a new U(l) gauge group |13]| , under which 
the U field has a definite nonzero charge, or as a relic of the supergravity coupling in the 
limit Mpi anck — > oo, m 3 / 2 =constant ||. Only the second possibility seems to give rise to a 
phenomenologically acceptable version of MSSM. 



3 By soft breaking terms we mean, in this context, terms which are bilinear in the U matrix. 
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Because of gauge invariance we may set Re£j = 0, thus, we have a Lagrangian depending 
only on the following parameters: the complex variable £ + = Im^ + ilm^, and the real variable 

C b"G, 

This Lagrangian has an absolute "minimum" at £± = 0, and £ given by the universal relation 

^ {9 + 9 ) C osh £ sinh £ ^ 
We may define = tan/3 (0 < (3 < tt/2), then we have 

2tan/3 1 



sin 2/3 



1 + (tan/3) 2 cosh£' 



tan 2/3 = (22) 
smn4 



Therefore, in the more conventional variable /3, eq. fl21"|) reads [H 

2fi 2 (g 2 + g' 2 ) = -a sin 2/3 -6 tan 2/3, < 2/3 < tt. (23) 

The case a = b = corresponds to unbroken supersymmetry 0, the D3 and 7}y terms, pro- 
portional to sinh£ then vanish at £ = 0. The case a = 0, b 7^ corresponds to spontaneously 
broken supersymmetry |12|]. The case a 7^ 0, b 7^ corresponds to softly broken supersymmetry. 

We notice that in this analysis there is only a charged Higgs 77 , and a neutral Higgs 77°, 
which are the superpartners of the W and Z° particles. This is the minimal set of states which 
must exist in any supersymmetric model, independently of whether 577(2) x £7(1) is a weakly 
coupled theory or a strongly coupled one (with dynamical breaking of gauge symmetry). 



3 Connection with the MSSM 



The MSSM is obtained by introducing a GL(2, C) matrix $, instead of a SL(2, C) matrix U as 
follows 

$ = SU = Se i/2 ^, det $ = 5 2 , (24) 

where S is a chiral superfield. The $ transformation is identical to the U transformation, under 
577(2) x £7(1), but now $ admits linear realization in terms of two doublet chiral superfields 
#m, 77(2), which transform linearly under 577(2) x U(l) as follows Q 



#(1)1 77(2)i 



# 



o- tr 1 , - J (i) -»• e e Ji(i) 

\ -"(1)2 -"(2)2 / 

It is immediate to see that S 2 = 77(i) ■ 77(2), and that 



e+^e-^Ha), 77(2) - e +lA e +4 / 2S 77 ( 



( (2)- 



#(1)1 + 77(2)2 c 1 /T— £ + . 1 /— 
= S cos 77(2)1 = «5-7== sm 



#(1)1 - #(2)2 - c £3 . 1 • ( 

— = *5 — == sin - W tit t, 

2 2 V ^' 



#(1)2 = i5^=sini\/(,<,. 



3 Note that this parametrization excludes the points for which det $ = 0. 



(25) 



(26) 
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Therefore, the non linear model is obtained from the linear one by integrating out the S fields 



Note that if we set the pseudo-Goldstone to zero, Im£ = 0, and we define Re£ = a, 
H(2)2 = -^(2)1 — —H(i)2 and we recover the usual parametrization of the SM Higgs sector, 

where $ = ae^ 2Re ^ ai , det $ = $$t = a 2 . 

The Higgs-sector Lagrangian is now given by the same expression as in eq. (|7|) with £/"—>•$ 
with an additional potential for the S field 



v = g - 

8 
b 



(Tr$Vi$) : 



D 



g' 2 



(Tr$ f $ 



°3 



+ -Tr$ f $ + 

d 4 



Tr&<S>a 3 + V{S). 



(27) 



The most general potential V(S) contains a supersymmetric part V(S)susy plus a SUSY break- 



I first component ' 



we 



ing part V(S)br ea king- By setting V(S) S usy = 0, V(S) breakin g = -{m 2 /2)S 
recover the MSSM. By choosing instead a V(S)susy 7^ 0, we may obtain a non-minimal version 
of the SSM, with or without supersymmetry breaking, which corresponds to having integrated 
out an additional SU(2) x £/(l)-singlet chiral multiplet [ITB]. 



Let us discuss in some detail the MSSM and a supersymmetric model with 

A 



V(S) 



T 



s 



(28) 



In both these models we get a second equation which stabilizes the S degree of freedom. In the 
second model with unbroken supersymmetry, the minimum is reached when the D and F terms 
vanish. This gives 

^ = 0, S 2 = T -. (29) 

If one defines the paramenters V\, t>2, related to £ and S by the general formula = v%jv\, 
S 2 = t>it>2, eq. ( p9|) implies 

(30) 



Vi = V 2 , Vi ■ v 2 



T 

A 



In the MSSM, when the Higgs sector is parametrized by the three constants a, b, m 2 , we obtain, 
for the S field, the minimum condition 



cosh£ 



ni 



2 • 



(31) 



in the range of parameters a 2 > m A > a 2 — b 2 . Eq. fl5ID turns out to be the standard condition 
relating sin 2/5, mi, m,2, and m 3 |16[], if one takes into account that 



2(mi 



m 



21- 



2{m\ — m 2 ), m 2 



Ami 



(32) 



In the case of generic non-minimal extensions of the SSM, and when the additional degrees of 
freedom are integrated out, we end up with a generic V(<S') in eq. (^7|) . In this case eq. ( pT|) still 
applies but with the replacements given by 



ss, 



a + 



1 dW 
S~dS 



(33) 
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where 



-(Tr 



1 dW 



S OS 



[V(S) 



SUSY\ F 



(34) 



4 g — 2 of VF-Particles and Supersymmetric Sum Rules 

Non-linear realizations of SU(2) x U(l) give a powerful tool to compute some physically mean- 
ingful quantities, like the magnetic moments of elementary particles. 

Recently, it has been shown that unbroken supersymmetry relates, in a model-independent 
way, the magnetic transitions between states of different spin within a given charged massive 
multiplet of arbitrary spin ||. 

Any given massive multiplet with J max = J + 1/2 contains four charged particles with the 
same charge and spin J + 1/2, J, J, and J — 1/2. Let us define the gyromagnetic ratio gj of a 
given particle as 

n = ^9jJ- (35) 
Then, in a given multiplet with J max > 1 we have the following sum rules 

g J+1/2 - 2 = 2 Jhj, gj-2 = (2J+l)hj, 9j _ l/2 - 2 = (2 J + 2)hj, (36) 

where hj is the magnetic transition between spin J + 1/2 and J — 1/2. There is no magnetic 
transition between the two spin- J states. The sum rules read differently for J = and J = 1/2 
multiplets, which contain scalar particles. 

For J = (chiral) multiplets, the sum rule becomes gi/2 = 1/2, as shown a long time ago in 



ref. | 17|| . For J = 1/2 (the vector multiplet) the sum rules are instead 

0i /2 -2 = 2/i, gi -2 = h. (37) 

Here, h is the magnetic transition between the spin-0 and spin-1 states. 

In a renormalizable theory of spin-1 /2 and spin-1 particles, the tree-level value of the gy- 
romagnetic moment is 2 ]18|, [L9|. Arguments have been given to show that this is a general 
phenomenon, which should occur in any tree- level unitary theory]] |T^, |2D| . However quantum 
effects can spoil this property. In a supersymmetric theory, if SUSY is unbroken, g — 2 = for 
any chiral multiplets, as implied by our sum rules. This applies, in particular, to quarks and 
leptons in the MSSM. However, for spin-1 multiplets, h could be nonzero due to loop effects. 
Indeed, this was shown to happen in an explicit calculation, in the limit of vanishing quark and 
lepton masses 



7 We see that for J > supermultiplets g,j — 2 corresponds to vanishing transition magnetic moments hj. 
For J = 1/2 (i.e. for vector multiplets) this interaction would be power-counting non renormalizable, and this 
fact explains why h 1 / 2 = at tree level in the SSM. 
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Eq. (|37D implies that supersymmetry relates the following couplings || 



21 



22 



W 

U e^^H+W- - d^H~W:)F p(T . (38) 



M w 

These Lagrangian couplings are responsible for the magnetic-moment relations fl37[) in the case 
of spontaneously broken SU(2) x U(l). To prove this statement we do not need to have a 
renormalizable theory, indeed, the one-loop result will satisfy eq. (|37|) regardless of the existence 
of the S field, which is needed in order to have a linear realization of SU(2) x U(l). Moreover, 
the same relations are insensitive to the value of the Yukawa couplings. Indeed, we may take 
a physically meaningful limit, wherein all quark and lepton masses vanish, with the exception 
of the top mass, which is sent to infinity ||23|| . In this case, the effective theory gives rise to 



eq. (pTT) by a combination of one-loop graphs and the tree-level point-interactions produced 



by integrating out the top supermultiplet. Of course, eq. (|37|) cannot be explained through 



the gauge anomaly cancellation that takes place in the renormalizable theory, as in ref. [21 



However, supersymmetry holds because the gauge anomalies, in the limit of infinite top mass, 



are cancelled by local Wess-Zumino terms, which are present in the effective action f24fl . The 
quark and lepton contributions due to loops of massless quarks are added to the tree-level terms, 
and produce an effective interaction as in eq. (0). The role of supersymmetric Wess-Zumino 
terms in this analysis will be discussed elsewhere. 

By the same means one can also get additional informations about the MSSM. One is about 
the possible existence of a transition magnetic moment between the neutralinos belonging to 
the the 5* supermultiplet and the neutralinos of the Z° multiplet 

~S(DDD a Z°)V a ] . (39) 

A transition magnetic moment between the two neutralinos of the Z° multiplet is not allowed 
when supersymmetry is unbroken. 



5 Lepton-Number Violating Interactions 

In the MSSM, if lepton-number conservation is not imposed, it is possible to write SU (2) x U(l) 
gauge-invariant but lepton-number violating interactions which couple the leptons to the Higgs 
sector |p5| . These interactions may give rise to mass mixing between lepton multiplets and 



Higgs multiplets, as well as transition magnetic moments between the charged leptons and the 
charginos. Moreover, one can get a transition magnetic moment between the neutrinos and a 
neutralino in the Z° multiplet. However, supersymmetry forbids a magnetic moment between 
the neutrinos and the neutralinos of the S multiplet. 

We give now some explicit formulas for these new interactions. Consider the lepton doublet, 
transforming as 

E~ -> e +lA e~ i/2J] E-. (40) 
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Under SU{2) x U(l) the quantity E a 2 transforms as 

E'a 2 -> E-a 2 e- i/2S e- iA . (41) 

Then we can construct the quantity E~cr 2 U, transforming as 

E~a 2 U -> E-^Ue^ 2 ^ 1 ^. (42) 

Therefore the up and down components of this quantity have definite U e . m .(l) charge 

(E~a 2 U) up -> (E-a 2 U) up ^, (43) 
(E~a 2 U) down -> (E~o 2 U) down . (44) 

The lepton-violating interaction term is therefore 

(£-<t 2 £/) 

down _ 

(45) 

In the linear theory, this corresponds to the following MSSM interaction 

E-<r 2 H 2 . (46) 

If we take the positively charged lepton singlet E + , transforming as 

E+ _> £+ e +ffi (47) 
under SU(2) x C/(l), we may form the doublet 

V = ( (S ~£f ) »' ) , (48) 

which transforms as ^ — > e~ lY,a3 tp. The lepton-chargino transition magnetic moment is 

^( J D J De +2B J D a W / )\/ a l , (49) 

J F 

whereas the neutrino-neutralino transition magnetic moment is 

\E-a 2 U) down (DDD a Z°)V a } . (50) 

Eqs. (^9|, pOD are manifestly SU(2) x £7(1) invariant. Notice that all possible extensions of the 
interactions of the quark and lepton sector are given only by gauge-invariant combinations of 
the U matrix, and therefore are insensitive to the detailed choice of a given linear realization 
of the gauge group. A detailed analysis of different models, with explicit calculations of masses 
and couplings will be given elsewhere. 

Finally, it should be pointed out that the non-linear approach is particularly suitable to 
couple the system to supergravity and to disentangle the effects related to the spontaneous 
breaking of gauge symmetry and local supersymmetry. 

Acknowledgement s 

We would like to thank E. D'Hoker for enlightening discussions. 



8 



References 



[1] S. Ferrara and B. Zumino, Nucl. Phys. B79 (1974) 413; A. Salam and J. Strathdee, 
Phys. Lett. 51B (1974) 353. 

[2] P. Fayet, Nucl. Phys. B90 (1975) 104. 

[3] L. Girardello and M. Grisaru, Nucl. Phys. B194 (1982) 65. 

[4] J. Wess and B. Zumino, Phys. Lett. 49B (1974) 52; J. Iliopoulos and B. Zumino, Nucl. 
Phys. B76 (1974) 310; S. Ferrara, J. Iliopoulos and B. Zumino, Nucl. Phys. B77 (1974) 
413; M.T. Grisaru, M. Rocek and W. Siegel, Nucl. Phys. B159 (1979) 429. 

[5] L. Maiani, in Proc. Summer School in Particle Physics, Gif-sur-Yvettes, 1979 (IN2P3, 
Paris, 1980) pag. 1; M. Veltman, Acta Phys. Polon. B12 (1981) 437; E. Witten, Nucl. 
Phys. B188 (1981) 513; S. Dimopoulos and H. Georgi, Nucl. Phys. B193 (1981) 150. 

[6] R. Barbieri, S. Ferrara and C.A. Savoy, Phys. Lett. 119B (1982) 343; A.H. Chamsed- 
dine, P. Nath and R. Arnowitt, Phys. Rev. Lett. 49 (1982) 970; L. Alvarez-Gaume, 
J. Polchinski and M. Wise, Nucl. Phys. B221 (1983) 495; L. Hall, J. Likken and S. 
Weinberg, Phys. Rev. D27 (1983) 2359. 

[7] P. Candelas, G. Horowitz, A. Strominger and E. Witten, Nucl. Phys. B258 (1985) 46; 
M.B. Green, J.H. Schwarz and E. Witten, in "Superstring Theory", Cambridge Univ. 
Press, Cambridge, 1987. 

[8] H.P Nilles, Phys. Rep. C110 (1984) 1; H.E. Haber and G.L. Kane, Phys. Rep. C117 
(1985) 75; S. Ferrara and R. Barbieri, Survey on H. E. Phys. 4 (1983) 33; R. Barbieri, 
Riv. Nuov. Cim. 11 (1988) I. 

[9] S. Ferrara and M. Porrati, Phys. Lett. 288B (1992) 85. 

[10] B. Zumino, Phys. Lett. 87B (1979) 203. 

[11] T. Appelquist and C. Bernard, Phys. Rev. D22 (1980) 200; A.C. Longhitano, Phys. 
Rev. D22 (1980) 1166; Nucl. Phys. B188 (1981) 118; T. Appelquist, in Gauge Theories 
and Experiments at High Energies ed. K.C. Brower and D.G. Sutherland, Scottish Univ. 
Summer School in Physics (St. Andrews, 1980); H. Georgi, Nucl. Phys. B361 (1991) 
339; B363 (1991) 301. 

[12] P. Fayet and J. Iliopoulos, Phys. Lett. 51B (1974) 461. 

[13] P. Fayet, Phys. Lett. 69B (1977) 489; S. Weinberg, Phys. Rev. D26 (1982) 287. 
[14] J. Ellis, G. Ridolfi and F. Zwirner, Phys. Lett. 257B (1991) 83. 

[15] R. Kaul and P. Mijudmar, Nucl. Phys. B129 (1982) 36; H.P. Nilles, M. Srednicki and 
D. Wyler, Phys. Lett. 120B (1983) 346; J. Frere, D.R.T. Jones and S. Rabi, Nucl. 
Phys. B222 (1982) 11; J.P Derendinger and C.A. Savoy, Nucl. Phys. B237 (1984) 307; 
J. Ellis, J.F. Gunion, H. Haber, L. Roszkowski and F. Zwirner, Phys. Rev. D39 (1989) 
844. 



9 



[16] K. Inoue et al., Prog. Theor. Phys. 67 (1982) 1859; L. Ibanez and C. Lopez, Phys. Lett. 
126B (1983) 54; Nucl. Phys. B233 (1984) 511. 



[17] S. Ferrara and E. Remiddi, Phys. Lett. 53B (1974) 347. 

[18] S. Weinberg, in Lectures on Elementary Particles and Quantum Field Theory, Pro- 
ceedings of the Summer Institute, Brandeis University, 1970, ed. S. Deser (MIT Press, 
Cambridge, MA, 1970), Vol. I. 

[19] G. Altarelli, N. Cabibbo and L. Maiani, Phys. Lett. 40B (1972) 415; C.H. Llewllyn 
Smith, Phys. Lett. 46B (1973) 233; J.M. Cornwall, D.N. Levin and G. Tiktopoulos, 
Phys. Rev. D10 (1974) 1145; Dll (1975) 973(E); J.M. Cornwall and G. Tiktopoulos, 
Phys. Rev. Lett. 35 (1975) 338. 

[20] S. Ferrara, M. Porrati and V.L. Telegdi, Phys. Rev. D46 (1992) 3529. 

[21] C.L. Bilchak, R. Gastmans and A. Van Proeyen, Nucl. Phys. B273 (1986) 46. 

[22] R.W. Robinett, Phys. Rev. D31 (1985) 1657. 

[23] T. Sterling and M. Veltman, Nucl. Physics. B189 (1981) 557; E. D'Hoker and E. Farhi, 
Nucl. Phys. B248 (1984) 59, 77; J. Preskill, Ann. Phys. (N.Y.) 210 (1991) 323; G.L. 
Lin, H. Steger and Y.P Yao, Phys. Rev. D44 (1991) 2139; F. Feruglio, A. Masiero and 
L. Maiani, Padua preprint DFPD/92/TH/13 (March 1992) to appear in Nucl. Phys. 
B; E. D'Hoker, Phys. Rev. Lett. 69 (1992) 1316. 

[24] N.K. Nielsen, Nucl. Phys. B244 (1984) 499; E. Guadagnini, K. Konishi and M. 
Mintchev, Phys. Lett. 157B (1985) 37; G. Girardi, R. Grimm and R. Stora, Phys. 
Lett. 156B (1985) 203; H. Itoyama, V.P Nair and H.C. Ren, Nucl. Phys. B262 (1985) 
317; L. Bonora, P. Pasti and M. Tonin, Phys. Lett. 156B (1985) 341; E. Guadagnini 
and M. Mintchev, Nucl. Phys. B273 (1986) 137. 

[25] C.S. Aulakh and R.N. Mohapatra, Phys. Rev. D119 (1983) 136; L. Hall and M. Suzuki, 
Nucl. Phys. B231 (1984) 419; J.H. Lee, Nucl. Phys. B246 (1984) 120; J. Ellis et al., 
Phys. Lett. B150 (1985) 142; G.G. Ross and J.W. Valle, Phys. Lett. B151 (1985) 375; 
S. Dawson, Nucl. Phys. B261 (1985) 297; R.N. Mohapatra, Phys. Rev. Dll (1986) 
3457; V. Barger, G. Giudice and T. Han, Phys. Rev. D40 (1989) 2987; E. Ma and P. 
Roy, Phys. Rev. D41 (1990) 988; E. Ma and D. Ng, Phys. Rev. D41 (1990) 1005; S. 
Dimopoulos, Phys. Rev. D41 (1990) 2099; A. Masiero and J.W. Valle, Phys. Lett. B251 
(1990) 273; H. Dreiner and R.J.N. Phillips, Nucl. Phys. B367 (1991) 591; L. Ibahez and 
G.G. Ross, Nucl. Phys. B368 (1991) 3; K. Enqvist, A. Masiero and A. Riotto, Nucl. 
Phys. B373 (1992) 95. 



10 



